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[57] ABSTRACT

In a semiconductor IC, a vertical pnp or npn transistor
of a uniform characteristic and a high breakdown volt-
age 1s made by forming, for example, a p—-collector
region (39) in an n-type epitaxial region, an n-well base

region (41) formed in the p—-collector region (39) and a

p-emitter region (42) formed in the n-well base region
(41); and furthermore, for example as shown in FIG. 9,
p—-regions (40) and (49) are formed simultaneously
with the p—-collector region (39) and an n-region (53) is
formed simultaneously with the n-well base region (41),
thereby constituting IIL of superior characteristics and
a high resistance device at the same time as forming of
the vertical transistor without substantial increase of
manufacturing steps; and in the similar way, by combin-

~ing the p—-region and n-region formed in the above-

mentioned simultaneous steps with other region formed
simultaneously with the forming of the vertical transis-
tor, high hgg transistor, high speed vertical npn transis-
tor, cross-over devices, p-channel and/or n-channel
MOS transistors can be formed within limited manufac-
turing steps.

3 Claims, 11 Drawing Sheets
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1
METHOD OF MAKING BIPOLAR TRANSISTORS

This application is a division of application Ser. No.
06/841,688 filed Mar. 19, 1986, abandoned, which in

turn was a continuation of Ser. No. 06/485,887 filed
Apr. 18, 1983 abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates a semiconductor IC.

The present invention particularly concerns a semi-
conductor IC including high speed bipolar transistors.

2. Description of the Prior Art

A semiconductor IC generally comprises transistors
and npn transistors in a monolithic construction. The
npn transistors generally have high switching speed,
while the pnp transistors are not suitable for high speed
switching since they have been previously implemented
In a vertical structure, a more complex construction
than the npn transistors. Accordingly, in a semiconduc-
tor IC including both the pnp transistors and npn tran-
sistors, full high speed performance of the npn transis-
tors cannot be achieved due to imbalance between the
two types of transistors and the circuit design also has
many limitations. |

FIG. 1 shows a sectional configuration of a prior art
semiconductor IC including pnp transistors and npn
transistors in a monolithic configuration.

In FIG. 1 numeral 1 designates a p-type substrate,
numeral 2 designates a high concentration n-type buried
region, numeral 3 designates an n-type epitaxial layer,
numeral 4 designates a diffused isolation region, nu-
meral 5 designates a diffused isolation region formed
from the surface of the epitaxial layer 3 and which is
connected with the isolation diffused region 4 to serve
as the isolation between the active regions.

P-type diffused regions 6e, 6¢c and 7b are formed si-

10
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accordingly when the base width is shortened a collec-
tor-base breakdown voltage is very much lowered.

As has been elucidated, the prior art IC having a
lateral pnp transistor and vertical npn transistor on a
monolithic chip has such shortcomings that achievable
minimum base width is not sufficiently short, therefore
there 18 no graded impurity concentration profile.
Hence no graded electric field is produced and concen-
trations of the emitter region and collector region of the
lateral pnp transistor have to be equal to each other.
Therefore, as a result of these reasons, the lateral pnp
transistor part generally has very poor characteristics in
comparison with the vertical npn transistor part. Ac-
cordingly the semiconductor IC as shown in FIG. 1, as
a whole, cannot achieve satisfactoiy characteristics.

In order to improve the above-mentioned drawback
of the semiconductor IC of FIG. 1, another improve-
ment has been proposed as shown in FIG. 2. The semi-
conductor IC shown in FIG. 2 is characterized by a -
vertical pnp transistor part. In FIG. 2, numeral 11 desig-
nates a p-type substrate, numeral 12 designates a high
concentration n-type buried region, numeral 13 desig-
nates an n-type epitaxial layer, numeral 14 designates a
diffused p+-type isolation region, and numeral 15 desig-
nates a pT+-type diffused isolation region. Two isolation
regions 14 and 135 together form an isolation region to

- surround the active region. Numeral 16 designates a

30

35

muitaneously. The p-type region 7b is a base region of

an npn transistor part, and p-type regions 6e and 6¢ are
the emitter region and collector region of the lateral
pnp transistor part. High impurity concentration n+-
type region 8b, 9e and 9c¢ are base contact regions for the
lateral pnp transistor, emitter region of the vertical npn
transistor and collector contact region of the vertical
npn transistor, respectively. In the vertical npn transis-
tor and lateral pnp transistor formed monolithically as
shown in FIG. 1, achievable minimum base width (dis-
tance between the p-type region 6e and p-type region
6c) is determined by the accuracy of the plan view
pattern, namely accuracy of the mask pattern used for a
lithographic method. In general, the mask accuracy is
not so high, and accordingly the achievable minimum
base width has been about 3 wm. Therefore, it has been
impossible to manufacture highly integrated pnp tran-

sistors on the bipolar IC. On the other hand in the npn

transistor part, the base region 7b has graded impurity
concentration with respect to depth, accordingly a
graded electric field is formed in the base region 75,

thereby carriers are accelerated to achieve high speed
performance. However, in the lateral pnp transistor
part, no graded concentration is formed in the base
region 3 which is the epitaxial layer as such, therefore

43

30

3.

60

the above-mentioned carrier acceleration by means of 65

graded concentration is impossible. Furthermore, the
collector region 6¢ of the pnp transistor has rather
higher concentration than that of the base region 3,

p*-type region formed on an n+-type buried region 12,
and the p~-type region 16 forms a collector region of
this vertical pnp transistor part. The n-type epitaxial
layer 13 forms a base region. The numerals 17 and 18
are pt-type regions formed simultaneously with form-
ing of the p+-type regions 14 and 15, respectively, and
the p+-type regions 17 and 18 form lead out regions for
the collector region 16. Numerals 19, 19 designate
walls. Numeral 20 designates a p*-type diffused region
which is formed simultaneously with the isolation re-
gions 15 and serves as an emitter region of the vertical
pnp transistor part.

In the npn transistor part, n+-type region 21 is the
emitter region, p-type diffused region 22 is the base
region, and n+-type diffused region 19’ together with
n+ region 23 form a collector contact.

In the configuration of FIG. 2, a vertical pnp transis-
tor is formed with a pt+-type diffused region as emitter,
n-type epitaxial layer 13 to be led out by n+-region 19 as
the base, and p+-type buried region 16 as the collector.
Apart from the lateral pnp transistor as shown in FIG.
1, this vertical pnp transistor has a base width which is
determined by the vertical width of the n-type region 13
between the p+-type diffused region 20 and the p+-
type buried region 16. And the base width is dependent
on the depth of the p*-type diffused region 16, thick-
ness of the n-type epitaxial layer 13 and diffusion depth
of the p+-type diffused region 20, and not determined
by the mask size or accuracy of the mask. Accordingly,
the base width can be made very narrow. However, this

configuration has several shortcomings. Firstly, the

base width which is determined by the above-men-
tioned three sizes, depends on parameters of the three
diffusions and therefore, accurate control is very diffi-
cult. Secondly, since the impurity concentration of the
p*-type diffusion region 16 is determined as a differ-
ence between the impurities of n+-type buried region
12 and the p+-type impurity to be diffused in the region
16, the upward diffusion of the p+-type region 16 is
determined not only by the doping value of the p+-type
impurity. Therefore, it is difficult to control the upper
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surface of the pt-type region 16. Therefore, the base
width accuracy is difficult to achieve. Thirdly, this
configuration can not provide graded impurity concen-
tration in the base region, and also the impurity concen-
tration of the collector region 16 is still high. Thus the
configuration of the prior art of FIG. 2 has not been
satisfactory.

- FIG. 3 shows another prior art configuration wherein
a vertical pnp transistor and a vertical npn transistor are
formed in combination, wherein corresponding parts to
the parts in the prior art example FIG. 2 are shown by
the same reference numerals. In the prior art of FIG. 3,
n+-region 24 is connected to buried n+-region 12, and
n+-region 24 is the emitter lead out region for IIL npn
transistor. The IIL npn transistors are formed with
nt-type diffused regions 27-1 and 27-2 as collectors,
p-type diffused region 26 as base regions and n-type
epitaxial region 13 as emitter regions which are led out
through the buried n+-region 12 and diffused n-+-
region 24. An IIL pnp transistor is formed by a p-type
diffused region 25 as emitter (injector), n-type epitaxial
region 13 as base region, and the p-type diffused region
26 as the collector. The p-type regions 25 and 26 are
formed in a step corresponding to forming a base region
22 of the npn transistor in FIG. 2. The n+-type collec-
tor regions 27-1 and 27-2 are formed 1n a step corre-
sponding to forming of the emitter region 21 in the case
of FIG. 2.

In the IIL as shown in FIG. 3, since the emitter
contact region 24 contacts low impurity concentration
epitaxial layer 13, a large number of holes as minority
carriers are injected from the base region 26 to the
emitter region 13. As a result, current amplification
factor of the vertical npn transistors is not high, and the
speed of the IIL becomes slow. If impurity concentra-
tion of the epitaxial layer 13 is raised, it will result in
lowering its breakdown voltage of the vertical npn
transistor. _

As has been elucidated with reference to FIG. 2
which has a vertical pnp transistor and a vertical npn
transistor and FIG. 3 which has IIL, fulfilling of high
speed and high breakdown voltage at the same time in
the prior art configuration has been difficult.

FIG. 4 shows still another prior art example of a
bipolar transistor combined with CMOS transistor. In
FI1G. 4, parts corresponding to the preceding prior art
art examples are designated with corresponding refer-
ence numerals. The p-well regions 14a+-15q are formed
simultaneously with forming of the diffused isolation
region 14 and diffued region 15, respectively. Thereaf-
ter, source region 28 and drain region 28’ of a p-channel
MOS FET are formed simultaneously with forming of
base region 22 of vertical npn transistor 22. And source
region 29 and drain region 29’ of an n-channel MOS§
FET are formed simultaneously with forming of the
emitter region 21 of the vertical transistor. Gate oxide
films 30-1 and gate electrodes 30-2 are formed.

In the above-mentioned prior art IC, diffusion depths
of the source region 28 and drain region 28’ the same as
that of the base region 22 of the vertical npn transistor.
Therefore, therefore the diffusion depth is too deep for
the source region 28 or drain region 28'. Accordingly,
effective channel distance 1 becomes too short, thereby
source-drain breakdown voltage is liable to be lowered,
or the threshold value (V1) lowered as a result of short-
channel effect. Alternatively, in order to prevent the
above-mentioned short-channel effect, resistivity of the
epitaxial layer 13 may be lowered, but such lowering of
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4

the resistance of the epitaxial layer 13 will produce a
problem that emitter-collector breakdown voltage of
the vertical pnp transistor is lowered.

SUMMARY OF THE INVENTION

The present invention has its object to provide an
improved semiconductor IC including a high speed
bipolar transistor. More particularly, the present inven-

tion has as its object to provide an improved IC wherein
shortcomings of low speed of conventional lateral pnp

bipolar transistor and controllability in manufacture of
characteristics of vertical type pnp bipolar transistors
are improved.

A semiconductor IC in accordance with the present
invention comprises:

a semiconductor substrate of a first conductivity type,

a semiconductor layer formed on the substrate and of
second conductivity type which is opposite to the first
conductivity type,

a first buried region of the second conductivity type
buried between the semiconductor substrate and the
semiconductor layer,

a second buried region of the first conductivity type
burted on the first buried region,

a collector region of a vertical transistor of the first
conductivity type of a low impurity concentration
formed to extend from the surface of the semiconductor
layer to the second buried region,

a base region of the vertical transistor of the second
conductivity type formed in the collector region from
the surface thereof, and

an emitter region of the vertical transistor of the first
conductivity type formed in the base region from the
surface thereof. |

The vertical transistor in the IC is intended as a high
speed transistor.

Further, the present invention can provide an IIL
having regions formed simultaneously with a first con-
ductivity type low impurity concentration (for instance,
p—) collector region and an opposite conductivity type
base region of said vertical transistor, thereby having
improved characteristics.

Furthermore, the present invention can provide a
semiconductor IC having either conductivity type ver-
tical transistors with high hgg value or high speed by
forming a collector region of a conductivity type of a
vertical transistor and other vertical transistors having
regions formed simultaneously with the collector re-
gion and base region of said vertical transistor. High
resistance devices and cross-over devices are formed
very easily on a monolithic wafer. |

Furthermore, the present invention can provide a
method of making a semiconductor enabling simulta-
neous forming of a well for an n-channel MOS transis-
tor and a collector region of a pnp transistor, or a well
for a p-channel MOS transistor and a base region of a
pnp transistor, or source region and drain region of a
p-channel MOS transistor and emitter region of a pnp
transistor, or source region and drain region of n-chan-
nel transistor and emitter region of an npn transistor,
each in the same step.

BRIEF EXPLANATION OF THE DRAWING

FI1G. 1 and FIG. 2 are the sectional elevation views of
a prior art semiconductor IC.

FIG. 3 1s the sectional elevation view of the prior art
ITL of semiconductor IC.
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FIG. 4 1s the sectional elevation view of a prior art
MOS transistor of a semiconductor IC.

FI1G. 3 1s a sectional elevation view showing a semi-
conductor IC embodying the present invention wherein
a vertical pnp transistor and a lateral npn transistor and
a high resistance resistor are integrally formed on a
wafer.

FIG. 6 1s a graph showing the impurity concentration
proiile of the example of FIG. 5.

FI1G. 7 1s a sectional view showing a semiconductor
IC embodying the present invention wherein a vertical
pnp transistor 1s improved.

F1G. 8, FIG. 9, FIG. 10, F1G. 11 and FIG. 12 are
sectional elevation views of IIL of semiconductor IC
embodying the present invention. |

FIG. 13 is a sectional elevation view of a semiconduc-
tor IC comprising a vertical pnp transistor, a vertical
npn transistor and a high hgg transistor monolithicly on
a wafer.

FI1G. 14 1s a sectional elevation view of a semiconduc-
tor IC wherein a vertical pnp transistor, a vertical npn
transistor and a high speed vertical npn transistor are
monolithically formed on a wafer.

F1G. 15 1s a sectional elevation view of a semiconduc-
tor 1C embodying the present invention wherein a verti-
cal npn transistor and a high resistance device are
monolithically formed on a wafer.

FIG. 16 is a sectional elevation view of a semiconduc-
tor IC embodying the present invention wherein a verti-
cal npn transistor and a cross over part are monolithi-
cally formed on a wafer.

FIG. 17(A), FI1G. 17(B) and FIG. 17(C) are sectional
elevation views showing manufacturing steps for a
semiconductor IC in accordance with the present in-
vention wherein an n-channel MOS transistor, a p-chan-
nel MOS transistor, a vertical pnp transistor and an npn
transistor are monolithically formed on a wafer.

DESCRIPTION OF THE PREFERRED
| EMBODIMENTS

The present invention is elucidated in detail with
reference to the accompanying drawings of FIG. 5§ and
thereafter. |

FIG. 5 is a sectional elevation view of a first example
of a semiconductor IC embodying the present inven-
tion.

In this example, a vertical pnp transistor, a vertical

~ npn transistor and a high resistance resistor are formed

monolithically on one wafer, wherein the part of the
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vertical pnp transistor is improved. In the example of 50

F1G. 5, on a p-type semiconductor substrate 31, n+-
type high impurity concentration buried regions 32, 32
and 32 are formed. On the substrate 31, an n-type epitax-
ial layer 33 of about 0.5-1.0Q cm, 3-4 pum thickness is
formed. In the epitaxial layer 33, high impurity concen-
tration p+-type diffused regions 34, 34, 34 and 34 are
formed; and from the surface of the epitaxial layer 33
additional p+-type high impurity concentration regions
33, 35, 35 and 35 are formed, thereby to connect with
the above-mentioned high impurity concentration p+-
type diffused regions 34, 34, 34 and 34 and isolate the
epitaxial layer into several regions. Alternatively, the
isolation may be made by using a known oxide film. A
second buried region 36 of high impurity concentration
p+-conductivity type is formed on one of the n+-type
buried region 32, at the same time as forming of the
isolation region 35. However, the surface concentration
of the high impurity concentration region 36 is not so
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high as compared with that of the diffused isolation
region 34, since the impurity concentration in the sec-
ond buried region 36 is considerably off-set by n+-type
impurity in the first buried regions 32. A p+-type dif-
fused region 37 is formed at the same time as forming of
the diffused region 35 in order to decrease collector
resistance of the vertical PNP transistor.

An n+-type diffused region 38 forms a collector wall
and connects to n+-type buried region 32, and a p—-
type region 39 is formed by low-dosing of ion implanta-
tion, so that its sheet resistance is about 2 kQ /-4 kQ/T
which is lower by one digit from that of the ordinary
base region of 200 Q/L]. |

A low concentration diffused region 40 is formed at
the same time as forming of p—-type diffused region 39,
and serves as a high resistance device. The vertical pnp
transistor has a an n-type well region 41 which is
formed in the p—-type collector region 39 and serves as
the base region of the vertical pnp transistor. A p-type
region 42 has a sheet resistance of about 200 /0 and
serves as emitter region of the vertical pnp transistor,
and the p-type region 42 is formed at the same time as a
p-type base region 43 of a vertical npn transistor. P-type
diffused region 44 and 44 serve as contact regions of the
high resistance device and are formed at the same time
as forming the emitter region 42 and the base region 43.
An nt-type diffused region 45 is formed in the n-type
diffused region 41 and serves as a contact region for the
base region, and is formed at the same time as the emit-
ter region 46 of the npn transistor. An n+-type diffused
region 47 is formed in the collector wall region 38 to
leadout the collector region 33 of the vertical npn tran-
sistor.

As 1s obvious from the above-mentioned configura-
tion of FIG. 5, a vertical pnp transistor is formed with
the emitter region 42, the base region 41 and the collec-
tor region 39-+4-36. And the vertical npn transistor is
formed with the emitter region 46, the base region 43
and the coilector region 33-+32, and a high resistance
device 1s formed with a p—-type part 40 and contact
regions 4. In the vertical pnp transistor at the left, its

base width is accurately defined by accurate controlling

of concentration and depth of the n-type base region 41
by means of ion implantation. Accordingly, the base
width (width in vertical direction) is determined by
diffusions of the n-type region 41 and p-type region 42
only. That is to say, in contradistinction to the prior art
configuration of FIG. 2 where the base width is deter-
mined by three parameters, in the configuration of the
FIG. § example the base width is determined only by
two parameters. Furthermore, since the n-type base
region 41 is determined only by drive-in after the ion
implantation, the base regin 41 has an impurity concen-
tration graded high at the surface and low downwards.

Accordingly, carriers are accelerated by an electric

field, thereby increasing carrier mobility speed, hence
enabling high speed operation. Furthermore, since the
collector region 39 has p—-type conductivity, break-
down voltage thereof is sufficiently high.

As has been elucidated, the example in accordance
with the present invention is very much advantageous
in monolithic configuration of an IC with high break-
down voltage and high speed, with high density vertical
pnp transistor, high speed vertical npn transistor and
high resistance device in one chip.

An impurity concentration profile of a vertical pnp
transistor in accordance with the present invention is
shown in FIG. 6. As shown in FIG. 6, the n+-buried
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region 32 is formed to have the impurity concentration

as shown in the curve 32 by diffusing an impurity source

having a small diffusion coefficient such as As, and the
pt-type buried region 36 is formed by diffusing boron

to have the profile as shown by curve 36. The p+-emuit-
ter region 42 and n base region 41 and p—-collector

region 39 are formed by ion implantations of boron,
‘phosphor and boron, respectively, followed by thermal
treatment. As is obvious from the graph, the base region
41 has a large concentration gradient, and therefore a
considerable electric field is produced thereacross.
Since the collector region 39 has a very low impurity
concentration, depth of the base region 41 is determined
only by the impurity amount to form the base region
and the impurity amount to form emitter region 42, and
not influenced by the impurity amount of the collector
region 39 itself. Furthermore, in the configuration of the
example, the high resistance device 40 and collector
region 39 of the vertical pnp transistor are formed in
common steps, and also, the base region 43 of the verti-
cal npn transistor and emitter region 42 of the vertical
pnp transistor and contact region 44 of the high resis-
tance device are formed in common steps, accordingly
the vertical pnp transistor can be formed only by adding
a step of forming n-type base region 41 of the vertical
pnp transistor as an additional step.

FIG. 7 is a sectional elevation view of another exam-
ple embodying the present invention. The same numer-
als corresponding to the preceding numerals are used to
designate the corresponding parts.

The configuration of the example of FIG. 7 is charac-
terized by connecting the base region 41 of the vertical
pnp transistor to the n+-type wall region 38. In this
example, since the base region 41 is disposed to be con-
nected to the wall region 38 which is disposed vertically
in the n-type epitaxial region 33, resistance of the base
region 41 can be decreased, thereby improving high
frequency characteristics. A region 35-2 1s a p—-type
isolation region formed at the same time with the p—-
region 41.

F1IG. 8 shows another example embodying the pres-
ent invention, which comprises a vertical pnp transistor,
a vertical npn transistor, a high resistance resistor and
an IIL on a monolithic chip. In this example, the same
numerals as those of FIG. 5 are used to show corre-
sponding parts. Regions of p—-type 48 and 49 are
formed in a common step with forming of the p—-
regions 39 40 so as to have the same depth as them. The
regions 50 and 51 of p-type are formed at the same time
as those of the regions 42, 43 and 44. These p-type re-
gions 50 and 51 are formed partly superposing on the
p—-type regions 48 and 49, respectively, thereby the
region 48 forms an injector of the IIL. The regions 49
and 51 together from a gate region of the IIL, and the
region 49 serves as the base of the upward vertical npn
transistor. An n+-type region 52 forms the collector of
the upward vertical transistor.

In the IIL in accordance with the present invention,
since the p—-regions 48 and 49 are formed deep, the gap
between the diffusion front of the p—-region 48 and the
buried region 32 and the gap between the diffusion front
of the p—-region 49 and the buried region 32 can be
made thin. Accordingly, the number of holes to be
injected from an injector of IIL and the base of a verti-
cal npn transistor to the epitaxial layer 33 can be made
small. Therefore, storage effect due to the minority
carriers becomes minimized, and accordingly the opera-
tion speed of the IIL is improved. Besides, since the
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base regions 49 of the vertical npn transistors are of a
low impurity concentration, current amplification fac-
tor hgg of the vertical npn transistor can be increased.

The present example has an advantage that an IIL

can be formed monolithically without changing steps of
the process. And characteristics of the vertical pnp

transistor at the leftmost part is of high speed and high
breakdown voltage as has been elucidated with refer-
ence to FIG. 5 and FIG. 7.

FIG. 9 is a sectional elevation view of another exam-
ple.

The IC shown in FIG. 9 has an improved IIL part in
comparison with the IC of FIG. 8. The same numerals
as those of the preceding examples show corresponding
parts. In this example, an n-type region 83 is formed to
cover the n+-region 52 in the p—-region 49. This n-type
region 53 is formed at the same time as the forming of
the base region 41 of the vertical pnp transistor. Ac-
cordingly, no additional step is necessary in comparison
with the process of FIG. 8 or FIG. 7. By means of the
n-type region 53, the width (in vertical direction) of the
p—-region 49 is narrowed, thereby hrg of the vertical
npn transistor in the IIL 1s improved.

FIG. 10 is a sectional elevation of another example
embodying the present invention. In this example, a
vertical pnp transistor and an IIL are monolithically
formed and the part of IIL is improved. Parts corre-
sponding to those of the preceding examples especially
to that of FIG. 5 are shown by the same numerals. In
the IIL part, an n+-type wall region 101, which is
formed at the same time as the wall regions 38, serves as
the emitter contact region of the vertical npn transistor.
An n-type well region 102, which is formed at the same
time as forming of the base region 41 of the vertical pnp
transistor, serves as a part of the base of the vertical npn
transistor of IIL. Two pt-type regions 103 and 104 are
formed to have specific resistance of about 200 2/L]1and
are formed at the same time as forming of the emitter
region 42 of the vertical pnp transistor, and form a
lateral pnp transistor together with the inbetween lying
n-type region 102. The n+-type regions 105 and 106 are
formed at the same time as forming of the emitter region
46 of the vertical npn transistor, and form the collector
region of the vertical npn transistor of the IIL. As has
been elucidated, IIL part of this example can be formed
within steps of forming the vertical pnp transistor and
vertical npn transistor in the left part. The IIL part
comprises an n-type diffused region 102, which has
higher impurity concentration than the epitaxial layer
33 in a manner to contact the base region 104 of the
vertical npn transistors. Accordingly, the number of
holes as minority carriers injected from the base region
104 to the emitter region 102 can be made small. Fur-
thermore, it is possible to make the base width of the
vertical npn transistor in the IIL narrower than the
conventional case where base 104 directly contacts the
epitaxial layer 33. Accordingly, current amplification
factor hgg of the npn transistor of I1L can be improved,

~ and furthermore a higher speed performance 1s possible.

65

FIG. 11 is a sectional elevation view of another exam-
ple embodying the present invention. The same numer-
als as those of the example of FIG. 10 show correspond-
ing parts. The feature of the present example in compar-
ison with that of FIG. 10 is that by using a low concen-
tration p—-region 111 for base regions of the vertical
npn transistor of IIL part, improvement of the current
amplification factor is intended. The p—-region 111 is
formed at the same time as forming of the p—-region 39
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of the vertical pnp transistor in the left part. Regions of
p-type 112 and 113, 114 and 115 are injector region and
the base contact regions of the vertical npn transistor,
respectively. These p-regions 112, 113, 114 and 115 are
formed in n-type wells, 118, 119 and 120, respectively,
hence do not contact nt-type regions 116 and 117,
directly. An n-type well 118 is formed at the same time
as the n-type base region 41 of the pnp transistor in the
left part. Wells of n-type 119 and 120 form a part of the
collector of the npn transistor of the IIL, and serves to
decrease base-collector capacitance, and to improve
high speed performance. An n-well 118 serves to sup-
press amount of the injection of holes as minority carri-
ers by contacting the p-regions 112 and 114. By using
the n-well and p-regions, characteristics of the IIL parts
are thus improved.

FIG. 12 is a sectional elevation view of another exam-
ple embodying the present invention. The example of
FIG. 12 comprises a vertical pnp transistor, a vertical
npn transistor and an IIL part. The same numerals as
those in FIG. 10 are used to designate the correspond-
ing parts. The feature of the example of FIG. 12 is that

a p—-region 121 is formed to extend to the part under

the base 122 of pnp transistor of IIL and the p—-region
121 forms a base of npn transistor of the IIL and the
collector of pnp transistor of the IIL. That is, the p+-
region 123, n-region 122 and p—-region 121 together
from a vertical pnp transistor. This vertical pnp transis-
tor of the IIL part has better high frequency character-
1stics in comparison with the lateral type transistor, and
the characteristics of the IIL part are also improved.
Accordimngly the IIL of FIG. 12 has more improved
high frequency characteristics than that of FIG. 10. As
elucidated above, the present invention provides an IC
comprising a high speed vertical pnp transistor, high
breakdown voltage vertical npn transistor and high IIL
on a monolithic chip.

F1G. 13 is a sectional elevation view of another exam-
ple embodying the present invention. This example
comprises a vertical pnp transistor, a vertical npn tran-
sistor and a high hgg npn transistor in a monolithic chip.
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‘The same numerals as those in FIG. 5 and other exam-

ples designate corresponding parts. A p—-well region
131 i1s formed at the same time as the p—-collector re-
gion 39 of the vertical pnp transistor at the left part, and
a high hpg vertical npn transistor is formed utilizing this
p—-region 131 as the base. An emitter region 132 of this
high hrr npn transistor is formed at the same time as
forming of the base region 41 of the vertical pnp transis-
tor at the left part. p+-contact region 133 formed in the
p—-type region 131 is formed at the same time as form-
ing of the p-type regions 42 and 43 of the vertical pnp
transistor and vertical npn transistor, respectively. An
nt-type contact region 134 for the vertical npn transis-
tor is formed at the same time as forming of the n+-type
region 46 of the vertical npn transistor.

Since the p—-region 131 is formed with a low impu-
rity concentration, the hrg becomes as high as about
1000 even at a normal state. Also, since a low impurity
concentration region 132 is formed surrounding the
n+-type region 134, there is an advantage that break-
down voltage vEpoagainst the base region 131 becomes
high. In general, when impurity concentration of the
base region 131 is low, the impurity concentration gra-
dient around the emitter region 134 becomes steep, and
‘accordingly a surface-hot-electron effect is liable to take
place thereby producing surface leakage. However in
the configuration of this example, as a result of the low
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impurity concentration of region 132 surrounding the
n+-region 134, the above-mentioned surface-hot-elec-
tron effect is substantially weakened.

In this example, the base region 131 of the high hgg
transistor and the p—-base region 39 of the vertical pnp
transistor can be formed in the same step, and further
the base region 43 of the vertical npn transistor can be
formed at the same time as forming of the emitter region
42 and the contact region 133, therefore no additional
step other than forming the n-type region 41 is necessi-
tated to produce the high hgg transistor.

FIG. 14 1s a sectional elevation view of another exam-
ple. In this example, a vertical pnp transistor, a vertical
npn transistor and a high speed vertical npn transistor
are formed on a monolithic chip wherein the improve-
ment is made in the high speed vertical npn transistor

part. The same numerals as those of the foregoing exam-
ples designate the corresponding parts. The feature of

the improvement is that n-type well region 141 forms
the collector part of the high speed vertical npn transis-

- tor and 1s formed at the same time as forming of the base

region 41 of the vertical pnp transistor. A p-type base
region 142 i1s formed at the same time as the emitter
region 42 of the vertical pnp transistor and the base
region of the vertical npn transistor. An nt-type emit-
ter region 143 of the high speed vertical npn transistor
is formed at the same time as forming of the base
contact region 45 of the vertical npn transistor and
emitter region 46 of the vertical npn transistor. An
n+-type collector contact region 144 is formed at the
same time as forming of the emitter region 143.

As has been elucidated above, the high speed vertical
npn transistor is formed at the same time as the steps of
forming other devices of the IC. In this manufacturing
of the high speed vertical npn transistor, the n-type
collector region 141 is selectively formed directly under
the emitter region 143 with impurity concentration
higher than that of the n-type collector region 33.
Therefore, the high speed vertical npn transistor has
higher impurity concentration in its collector region
141 than the vertical npn transistor in the left part, so
that accordingly the p-type base region 142 can be
formed very narrow. That is, the base width can be

formed narrow, thereby raising switching speed of the

transistor. Furthermore, as a result of providing the
high impurity concentration collector region 141, the
collector resistance 1s low, thereby preventing “Kirk”
effect, which is lowering of the gain-band width prod-
uct of the transistor at high current region. That is, the
gain-band width product fp can be increased. When the
high impurity concentration collector region 141 is
hmited to the part directly under the emitter, base-col-
lector junction capacitance can be decreased.

As has been elucidated, the npn transistor having a
high impurity concentration collector region 141 is
advantageous in improving its high frequency charac-
teristic in comparison with an ordinary vertical npn
transistor, and it can be easily combined with the verti-
cal pnp transistor shown in the left part, thereby en-
abling forming an IC having high speed npn and pnp
transistors monolithically on one chip.

The above-mentioned high impurity concentration
n-type region 141 may be formed on all the area directly
under the base region 142.

FIG. 15 1s a sectional elevation view of another exam-
ple embodying the present invention. The feature of this
example 1s comprising on one monolithic chip a vertical
npn transistor, a vertical pnp transistor and a high resis-
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tance device. The same numerals as those of FI1G. S and
other examples designate corresponding parts. High
resistance part 151 is formed at the same time as forming
of the base region 41. A contact region 152 for a low
impurity concentration p—-island region 153 is formed
at the same time as forming the p-type regions 42 and
43. A pair of n+-type contact regions 154 are formed at
the same time as forming of the emitter region 47 of the
vertical npn transistor. The sheet resistance value of the
high resistance device utilizing the above-mentioned
n-type high resistance region 151 has a larger resistance
than a resistor which is hitherto made by utilizing a
p-type base region of a vertical npn transistor, and can
be made to have a smaller sheet resistance than a case of
utilizing the p—-diffused region 40. Therefore, their
resultant sheet resistance can be between 500 2/ and
1 kQ /T which 1s very much appropriate to utilize for
high speed logic circuits.

Generally speaking, temperature dependency of the
resistance of a diffused region is smaller when the impu-
rity concentration is higher, but in the above-mentioned
n region 151 the impurity concentration is relatively
high (for example, higher by two digits than that of the
epitaxial growth region 33) since the diffusion depth is
shallower in comparison with the p—-region 1353, so that
accordingly the high resistance device in accordance
with the present invention has good temperature depen-
dency.

A p+ buried region 155 of this example 1s formed at
the same time as forming of the pt-type buried region
36 of the vertical pnp transistor in the left part. A p—-
type region 153 is generally grounded, hence inversely
biased to the n-type region 151. On the contrary, when
a resistor is formed by using a diffused region of the
same type as that of the base region 44 of the vertical
npn transistor in the n-type island region 33’, the poten-
tial of the p+-type isiand region 153 should be opposite
to that of the n-type region 33'. In such case if width of
the p—-type island region 153 at the part under the
n-type region 1s very narrow, a punch-through or any
crystal defect or the like will cause undesirable shortcir-
cuiting between the n-region 33’ and n-region 151. Ac-
cordingly by forming the p~+-type buried diffused re-
gion 155 under the p—-island region 153, p—-type re-
gion 153 becomes thick, hence decrease of manufactur-
ing yield due to crystal defect can be much improved.

FIG. 16 is a sectional elevation view of another exam-
ple embodying the present invention. A feature of this
example 1s that a vertical pnp transistor, a vertical npn
transistor and a cross over device are monolithically
formed on one chip. The same numerals as those of the
foregoing examples designate the corresponding parts.
A p—-region 161 is formed at the same time as forming
of the collector region 39 of the vertical pnp transistor,
and in the p—-region 161 a cross over wiring is formed
as follows.

An n-type well, which is formed at the same time as
forming of the base region 41 of the vertical pnp transis-
tor, forms a part of the cross over device. An n+-type
region 163 is formed at the same time as forming of the
emitter region 46 of the vertical npn transistor, and
together with the nt-type well 162 form the cross over
device. A p-type region 164 is for contacting the p—-
region 161 and 1s formmed when necessary at the same
time as forming of the regions 42 and 43. Numeral 165
designates oxide insulation film formed on the wafer,
numerals 166 and 167 designate electrodes for the n+
cross over region 163, and numeral 168 designates elec-
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trode such as alminum or the like for crossing the n+-
region 163.

The cross over device of this example has the follow-
ing advantages:

(1) Since a low impurity concentration n-type region
162 is provided between the p—-island region 161 and
the cross over region 163, the depth of the cross over
region 163 becomes considerably deep, thereby de-
creasing adverse influence of edge effect, and enabling
achievement of a high junction break down voltage.

(2) Since the n-region 162 of the low mmpurity con-
centration is provided, a parasitic junction capacitance
at the cross over can be minimized, thereby enabling
decrease of signal.

(3) Since the p—-island region 161 is formed as a deep
diffused region, by means of the wide region existing
under the cross over region 163, the undesirable influ-
ence of punch-through or crystal inperfection becomes
small, thereby improving manufacturing yield of the
cross over device.

(4) When the p*-type buried region 169 is provided
under the p—-island region 161, the same advantage as
the previous (3) is further boosted.

FIG. 17(A), FIG. 17(B) and FIG. 17(C) are sectional
elevation views illustrating manufacturing steps of a
semiconductor IC comprising a vertical pnp transistor,
a vertical npn transistor, a p channel MOS transistor
and an n-channel MOS transistor monolithically on one
chip.

Firstly, on a surface of p-type substrate 11, As as
n-type impurity source is diffused to form n~+-type bur-
ied region 32 as shown in FIG. 17(A) at the part where
vertical pnp transistor and vertical npn transistor are to
be made. Then, at the parts where n channel MOS
transistor and 1solation regions and lateral pnp transistor
are to be formed, B(boron) as p-type impurity source 1s
diffused or ion-implanted, so as to form a p-type region
34 of sheet resistance of 200-800 /L], as shown in FIG.
17(A).

Secondly an n-type epitaxial layer 33 having 2-4 um
and specific resistance of 0.6-2 Q-cm is formed. Then
B(boron) as p-type impurity source is 1on implanted into
the part to form n-channel MOS transistor, isolation
regions and a vertical pnp transistor and a heat treat-
ment is carried out, thereby to form n+-type well for
the n-channel MOS transistor, p+-type isolation regions
35, 35 and nt-type well 39 for a vertical pnp transistor.
Then, P(phosphor) as n-type impurity source 1s 1on
implanted at parts to form a first p-channel MOS tran-
sistor and base region of pnp transistor, and a heat treat-
ment carried out. Then, the first and the second impuri-
ties are diffused thereby forming p+-type regions of
1.3-1.6 um diffused region depth and 1-3 kQ/L] can be
formed, thereby forming p-well region 171 where a
MOS transistor is to be formed, separation regions 35
and collector region 39 of the pnp transistor are formed.
At the same time n-type regions 172 and 41 having sheet
resistance of 0.5-2 k{}/U1 and diffusion depth of 0.8-1
um are formed in the part for the first p-channel reg1on
and the base region of the pnp transistor, as shown in
FIG. 17(B).

Then at the part to form the MOS transistor a gate
oxide film 173 of 0.06 pm thickness is formed to form
polycrystalline silicon gate electrodes 174, 175 and 176.
Then source region and drain region of the first and the
second p-channel MOS transistor as well as emitter
region and collector region of the pnp transistor and the
base region of the npn transistor, p+-type regions 177
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and 178 of sheet resistance of 100-200 /11 and diffu-
sion depth of 0.6-0.8 um are formed. Furthermore n+-
type regions of sheet resistance of 30-50 /L] and diffu-
sion depth of 0.4 um are formed at the part of the source
region 179 and the drain region 179 of the n-channel >3
MOS transistor, base region 45 of the pnp transistor and

emitter region 46 and collector region 47 of the npn
transistor, respectively as shown in FIG. 17(C).

In the above-mentioned manufacturing steps, since
the substrate of the second p-channel MOS transistor 1s
epitaxial region 33, the V rvalue is about —0.5 V, while
since the substrate of the first p-channel MOS transistor
is n-type well region 172 the impurity concentration 1s
high and therefore its V7 value is about —2 V. On the
other hand, the V7 value of an n-channel MOS transis-
tor is about 1 V. Therefore, it i1s possible to form two
types of p-channel MOS transistors, and desired transis-
tors may be used. Furthermore, since both the p-chan-
nel transistor and n-channel transistor are available, it 1s
possible to form a CMOS transistor.

Besides, various resistors of sheet resistances are
available, for example as follows:

for n-type resistance region

30-50 /0 and
0.5-2 KQ/0U],
for p-type resistance region
200 /e,
400 /U and
1 KQ/LL

As has been elucidated for various examples, accord-
ing to the present invention MOS transistors of n chan-
nel type and p channel type, vertical pnp transistor and
vertical npn transistor and resistance region of various
kind of sheet resistances can be formed without substan- 35
tial addition of manufacturing steps. Since two kinds of
V rvalue of the p-channel MOS transistor are available,
freedom of designing the IC is increased.

According to the present invention, free from the
conventional shortcomings of the vertical transistor 49
where the base width is determined by mask accuracy
and three or four diffusion profiles, only the base width
of the bipolar transistors in the IC is determined sub-
stantially by diffusion processes of the regions 41 and
42, therefore vertical pnp transistors can be formed with 45
good controllability. IR
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Furthermore, according to the configuration in ac-
cordance with the present invention, IIL, high hrr npn
transistor, high speed vertical npn transistor, high resis-
tance device, crossover device, p-channel and n-chan-
nel MOS transistors, etc. are available within the same
manufacturing steps. Therefore, the present invention
has good industrial utility.
What is claimed is:
1. A method of fabricating a semiconductor inte-
grated circuit, comprising the steps of:
forming a n-type semiconductor layer on a p-type
semiconductor substrate, said n-type semiconduc-
tor layer being divided into first, second and third
regions of n-type; |

simultaneously forming fourth and fifth regions of
low p-type concentration in said first and second
regions as upper surfaces of said first and second
reglons;
forming a sixth region of an n-type in said fourth
region from a upper surface of said fourth region;

simultaneously forming seventh, eight and ninth re-
gions of p-type in said sixth, fifth and third regions
respectively from upper surfaces of said sixth, fifth
and third regions; and

simultaneously forming tenth and eleventh regions of

n-type in said sixth and ninth regions from upper
surfaces of said sixth and ninth regions, respec-
tively,

whereby said fourth, sixth and seventh regions form a

pnp type vertical bipolar transistor, and said fifth
and eight regions form a resistance device, and said
third, ninth and eleventh regions forming an npn
type vertical bipolar transistor.

2. A method as in claim 1, comprising the further
steps of: |

forming a twelfth region of n-type at a border area of

said first region and said semiconductor substrate;
and

forming a thirteenth region of n-type in said first

region from said upper surface of said first region in
such a manner that said thirteenth region reaches
said twelfth region.

3. A method as in claim 2, comprising the further step
of electrically connecting said sixth region to said thir-

teenth region.
* % X x X
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